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Abstract:

BACKGROUND: Malaria transmission models commonly incorporate spatial environmental and climate
variability for making regional predictions of disease risk. However, a mismatch of these models' typical
spatial resolutions and the characteristic scale of malaria vector population dynamics may confound disease
risk predictions in areas of high spatial hydrological variability such as the Sahel region of Africa.
METHODS: Field observations spanning two years from two Niger villages are compared. The two villages
are separated by only 30 km but exhibit a ten-fold difference in anopheles mosquito density. These two
villages would be covered by a single grid cell in many malaria models, yet their entomological activity
differs greatly. Environmental conditions and associated entomological activity are simulated at high spatial-
and temporal resolution using a mechanistic approach that couples a distributed hydrology scheme and an
entomological model. Model results are compared to regular field observations of Anopheles gambiae sensu
lato mosquito populations and local hydrology. The model resolves the formation and persistence of
individual pools that facilitate mosquito breeding and predicts spatio-temporal mosquito population
variability at high resolution using an agent-based modeling approach. RESULTS: Observations of soil
moisture, pool size, and pool persistence are reproduced by the model. The resulting breeding of
mosquitoes in the simulated pools yields time-integrated seasonal mosquito population dynamics that
closely follow observations from captured mosquito abundance. Interannual difference in mosquito
abundance is simulated, and the inter-village difference in mosquito population is reproduced for two years
of observations. These modeling results emulate the known focal nature of malaria in Niger Sahel villages.
CONCLUSION: Hydrological variability must be represented at high spatial and temporal resolution to
achieve accurate predictive ability of malaria risk at the village scale, which can then be integrated
appropriately to regional spatial scales and seasonal temporal scales. These results have important
implications for models seeking to link the impacts of climate change and climate variability to malaria
transmission. The highly focal nature of malaria in the Sahel makes detailed representation necessary to
evaluate village-level risks associated with hydrology-related vector population variability.
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Resource Description

Exposure :  

weather or climate related pathway by which climate change affects health

 Precipitation, Other Exposure
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Other Exposure: soil moisture; pool size; pool persistence

Geographic Feature:  

resource focuses on specific type of geography

 Tropical

Geographic Location:  

resource focuses on specific location

 Non-United States

Non-United States: Africa

African Region/Country: African Country

Other African Country: Niger

Health Impact:  

specification of health effect or disease related to climate change exposure

 Infectious Disease

Infectious Disease: Vectorborne Disease

Vectorborne Disease: Mosquito-borne Disease

Mosquito-borne Disease: Malaria

Model/Methodology:  

type of model used or methodology development is a focus of resource

 Methodology

Resource Type:  

format or standard characteristic of resource

 Research Article

Timescale:  

time period studied

 Time Scale Unspecified
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